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3 MATERIALS AND METHODS 
 
3.1 Overview 
In this chapter, the explanation about chemical and material used, preparation of 
adsorbent and dye solution, and methodology for the adsorption process will be 
explained.  
3.2 Chemical 
The Imperata Cylindrica (IC) used was collected around Universiti Malaysia 
Pahang, Pahang, Malaysia. The methylene blue (MB) used in this study was purchased 
from Merck (M) Sdn. Bhd, Malaysia with C.I.52015, purity of 99%, chemical formula 
of C16H18N3SCl and molecular weight of319.85 g/mol. The maximum wavelength of 
this dye is 668 nm. 
3.3 Imprata Cylindrica Preparation  
Imprata Cylindrica that used in this study was obtained around Universiti 
Malaysia Pahang. IC were chopped into pieces that were 1–2 cm in length, and then the 
pieces were soaked in water overnight to remove any impurities adhering to the surface 
before the pieces were oven-dried at 80 ºC for 24 h. The pieces were crushed and sieved 
to a consistent size of 355–600 µm, and then the powder was oven-dried at 100 ºC 
overnight until the weights were constant. Finally, the powder was kept in a glass bottle 
to use as an adsorbent. 
3.4 Characterization of IC 
The morphological features and surface characteristics of the samples were 
obtained from Scanning Electron Microscopy (Zeiss Evo 50). The sample was put on 
the carbon tape on the aluminium stub and coated with gold for electron reflection. The 
sample was then vacuumed for 5-10 minutes before analysis.  
3.5 Procedures 
A batch adsorption method was applied to carry out the adsorption process. The 
sample of dye solution was prepared by dissolving accurately weighted MB in 1 L 
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distillated water. The dye solution pH was adjusted with 0.1 M Sodium Hydroxide 
(NaOH) and 0.1 M hydrochloric acid (HCl) solution using pH meter.  Then it were 
carried out in a series of Erlenmeyer flasks of 250 mL containing 200 mL dye solution 
and specific amount of Imprata Cylindrica. The mixture is stir at a rate of 300 rpm to 
reach equilibrium. The samples were then withdrawn at appropriate time intervals and 
centrifuged at 3500 rpm for 15 min. All samples were centrifuged prior to analysis to 
minimize interference of adsorbent with the analysis. The dye concentrations in the 
supernatant were analyzed using UV/vis spectrophotometer at 668 nm. Each experiment 
was carried out in triplicate and an average value will be determined. The initial dye 
concentration in the test solution and the adsorbent dosage were varied to investigate 
their effect on the adsorption kinetics. The effect of pH is observed by studying the 
adsorption of dye over the pH range from 2 to 8. The pH of the dye solution was 
adjusted by using NaOH or HCl solution and a pH meter. The sorption studies were 
carried out at different temperatures (30-50 ºC). This is used to determine the effects of 
temperature on the thermodynamic parameters and for the effect of the concentration of 
the adsorbate, range from 50-200 ppm were studied. For the characterization of the 
Imprata Cylindrica, Scanning Electron Microscopy (SEM) will be used. This 
characterization process was done before and after the experiment.  
3.6 Adsorption kinetic 
For interpretation of adsorption kinetics, the aqueous samples were withdrawn at 
different time intervals and the concentrations of MB were similarly measured. The 
amount of adsorption at time t, qt (mg/g) was calculated by: 
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where Co and Ce (mg/L) are the liquid-phase concentration of dye at initial and 
equilibrium, respectively. V (L) is the volume of the solution and W (g) is the mass of 
adsorbent used. 
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The MB removal percentage can be calculated as follows, 
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where Ct (mg/L) is the liquid-phase concentrations of dye at any time. 
For evaluating the adsorption kinetics of MB, the pseudo-first-order (Lagergren, 
1898) and pseudo-second-order (Ho and McKay, 1999) kinetic models were used to fit 
the experimental data. The pseudo-first-order and pseudo–second-order models are 
expressed as follows:  
Pseudo-first-order equation:   t
k
qqq
ete
303.2
log)log(
1
                                      (3.3) 
Pseudo-second-order equation:    t
qqkq
t
eet
11
2
2
                                              (3.4) 
where qe (mg/g) is the amount of adsorbate adsorbed at equilibrium, qt (mg/g) is the 
amount of adsorbate at time t, k1 (1/min) is the rate constant of pseudo-second-order 
adsorption, k2 (g/mg.min) is the rate constant of pseudo-second-order adsorption.  
3.7 Adsorption isoterm 
Adsorption isotherm is essential for practical design of the adsorption systems 
(Foo and Hameed, 2010) and it is basically important to describe how solutes interact 
with adsorbents, and is critical in optimizing the use of adsorbents. Langmuir 
(Langmuir, 1918) and Freundlich (Freundlich, 1906) models are the several isotherm 
equations available for analyzing experiment sorption equilibrium parameter. The 
linearized forms of these two isotherms are expressed as below. 
The Langmuir isotherm:  
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where qm (mg/g) is the maximum adsorption capacity in monolayer adsorption, Ka 
(L/mg) is the adsorption equilibrium constant related to free energy adsorption and Ce 
(mg/L) is the MB concentration at equilibrium. The essential characteristics of the 
